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(54) High dielectric constant flexible polylmlde film and process of preparation 



(57) A flexible, high dielectric constant polyimide 
film composed of either a single layer of an adhesive 
thermoplastic polyimide film or a multilayer polyimide 
film having adhesive thermoplastic polyimide film layers 
bonded to one or both sides of the film and having dis- 
persed in at least one of the polyimide layers from 4 to 



85 weight % of a ferroelectric ceramic filler, such as bar- 
ium titanate or polyimide coated barium titanate, and 
having a dielectric constant of from 4 to 60. 

The high dielectric constant polyimide film can be 
used in electronic circuitry and electronic components 
such as multilayer printed circuits, flexible circuits, sem- 
iconductor packaging and buried film capacitors. 
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Description 

BACKGROUND OF THE INVENTION 

5 [0001 ] The present invention relates to a flexible, high dielectric constant polyimide filnn. composite and high dielectric 
constant polyimide liquid for use in electronic circuitry and electronic components including multilayer printed circuits, 
flexible circuits, semiconductor packaging and buried film capacitors. 

[0002] Conventional decoupling capacitors are nrxjunted on the surface of printed circuits boards and are connected 
to the power and ground planes near the integrated circuit. For a typical printed circuit board having a large number 
10 of integrated circuits, a corresponding large number of decoupling capacitors is typically required to provide for current 
requirements and to reduce system noise. Such capacitors, however, have disadvantages since they occupy consid- 
erable printed circuit board surface space, increase the number of solder joints and, therefore, reduce the system 
reliability. 

[0003] Recently, a new capacitor design, called a buried film capacitor, has been developed which generates suffi- 
75 cient bypass capacitance to be shared throughout the printed circuit board. For example, U.S. 5,162,977, issued to 
Paurus et al on November 10. 1 992, discloses a printed circuit board which includes an embedded high capacitance 
power distribution core consisting of a signal ground plane and a power plane separated by a dielectric core element 
having a high dielectric constant. This buried capacitive structure not only provides electromagnetic interference (EMI) 
suppression but also makes it possible to remove up to 98% of the discrete bypass capacitors from the printed circuit 
20 board, The dielectric core element disclosed in U.S. 5, 162,977 consists of glass cloth impregnated with an epoxy resin 
loaded with a ferroelectric ceramic powder having a high dielectric constant. Such conventional glass fiber impregnated 
epoxy resin systems, however, provide a capacitance density of up to 2000 picofarads/ inch^, which is not sufficient 
for the inrush current requirements of most integrated circuits. 

[0004] The present invention provides a flexible, high dielectric constant polyimide in the form of a film, composite 
25 or liquid, which when used as the dielectric core component of an embedded high capacitance power distribution core 
In a printed circuit board or in semiconductor packaging, provides a much higher capacitance su rface density of 200,000 
picofarads/inch^ due to the higher dielectrk; constants obtainable and the thinner film structures employed. A printed 
circuit board with such capacitance characteristics typically requires no additional decoupling for the associated printed 
circuit board components, and thus obviates the need for decoupling capacitors which are mounted externally on the 
30 printed circuit board. 

SUMMARY OF THE INVENTION 

[0005] The present Invention provides a high dielectric constant, flexible polyimide film comprising a single layer of 
35 an adhesive thermoplastic polyimide film having dispersed therein from 4 to 85 weight %, based on the weight of the 
film, of a ferroelectric ceramic filler wherein the polyimide film has a dielectric constant of from 4 to 60. 
[0006] The present invention also provides a high dielectric constant polyimide liquid comprising from 1 to 30 weight 
% of a thermoplastic or thermoset polyamic acid dissolved in 10 to 95 weight % of an Inert organic solvent having 
dispersed therein from 4 to 90 weight % of ferroelectric ceramic filler and having a dielectric constant of from 4 to 300. 
40 [0007] The present invention further provides a high dielectric constant, flexible multilayer polyimide film comprising 
a center thermoplastic or thermoset polyimide film layer having thin layers of an adhesive thermoplastic polyimide film 
on one or both sides and having dispersed in at least one of the polyimide layers from 4 to 85 weight %, based on the 
weight of the film layer, of a ferroelectric ceramic filler wherein the multilayer polyimide film has a dielectric constant 
of from 4 to 60. 

45 [0008] The present invention still further provides a printed circuit board which includes an embedded high capaci- 
tance power distribution core comprising: 

(a) an electrically conductive ground plane layer; 

(b) an electrically conductive power plane layer; and 

50 (c) a flexible high dielectric core element disposed in parallel relationship between said ground plane layer and 

said power plane layer comprising a single layer of an adhesive thermoplastic polyimide film or a multilayer poly- 
imide film comprising a center thermoplastic or thermoset polyimide film layer having thin layers of an adhesive 
thermoplastic polyimide film on one or both sides and having dispersed in at least one of the polyimide film layers 
from 4 to 85 weight %, based on the weight of the film layer, of a ferroelectric ceramic filler and wherein the film 

55 has_a_die.l.eiCtcLc_cms.taQtjQfJ.comAJo_^^^^ „ 
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DETAILED DESCRIPTION OF THE INVENTION 

[0009] The present invention relates to a flexible, high dielectric constant polyimtde film composed of either a single 
layer of an adhesive thermoplastic poly imide film or a multilayer polyimide film having adhesive thermoplastic polyimide 
5 film layers bonded to one or both sides of the film and containing a high dielectric constant ferroelectric ceramic filler 
or a mixture of fillers. 

[0010] The adhesive thermoplastic polyimide film layers provide adhesion to various metal substrates such as ca- 
pacitor ground and power planes and provide a snrKX>ther surface for enhancing the effective capacitance area. 
[0011] The adhesive thermoplastic polyimide films used in the present invention include epoxy, acrylic, polyurethane 
10 and polyimide films. Particularly preferred are heat-sealable, thermoplastic, random or block polyimides which contain 
from 60 to 98 mole %, preferably from 70 to 95 mole %, of repeating imide units derived from 4.4'-oxydiphthalic dian- 
hydride and an aromatic ether diamine of the formula 



IS 



20 




25 



and from 2 to 40 mole %, preferably from 2 to 25 mole %, of additional repeating imide units derived from a tetravalent 
aromatic carboxylic dianhydride and a divalent aliphatic or aromatic diamine of the formula 



30 



35 




" 8 



wherein R is an aromatic tetravalent organic radical and R' is a divalent radical of an aromatic or aliphatic diamine 
40 containing at least two carbon atoms, the two amino groups of the diamine each being attached to separate carbon 
atoms of the divalent radical. 

[0012] Representative aromatic ether diamines include: 

1 ,2-bis(4-aminophenoxy)benzene 
45 1,3-bis(4-aminophenoxy)benzene 

1 .2- bis(3-aminophenoxy)benzene 

1 .3- bis(3-aminophenoxy)benzene 
1-(4-amlnophenoxy)-3-(3-aminophenoxy)benzene 

1 .4- bis(4-aminophenoxy)ben2ene 
so 1,4-bls(3-aminophenoxy)benzene 

1-(4-aminophenoxy)-4-(3-aminophenoxy)benzene 



ss 



[0013] Such additional imide units may be derived from dianhydrides and diamines which are the same or different 
from the 4.4'-oxydiphthalic dianhydride and aromatic ether diamines previously defined. 
_[Oj0J4]_Pailiaulaj1y4)ieJ&a©ildjanbyjd^^ 



pyromellitic dianhydride; 
4,4'-oxydiphthalic dianhydride; 
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3,3',4,4'-benzophenone tetracarboxyllc dianhydride; 
2,2'.3,3'-ben2ophenone tetracarboxylic dianhydride; 
3,3',4,4'-biphenyl tetracarboxylic dianhydride; 
2,2\3,3'-biphenyl tetracarboxylic dianhydride; 
2,2-bis(3.4-dicarboxyphenyl) hexafluorcpropane dianhydride; 
bis(3,4-dicarboxyphenyl)sulfone dianhydride; 
bis(3.4-dicaftx>xyphenyl)suifide dianhydride; 
bis(2,3-dlcarfooxyphenyi)methane dianhydride; 
bis(3.4-dicart)oxyphenyl)nnethane dianhydride; 
1,1-bis(2,3-dicarboxyphenyl) ethane dianhydride; 

1.1- bis(2,3-dicarboxyphenyl) propane dianhydride; 

2.2- bis(3,4-dicarboxyphenyl) propane dianhydride; 
m-phenylene bis(trinnellitate)dianhydride; 
hexamethylene diamine; 
heptamethylenediamine; 
3,3'-dinnethylpentamethylenediamine; 
3-methylhexamethylenediamlne; 

3- methylheptamethylenediamine; 
2,5-dimethylhexamethylenediannlne; 
octamethylenediamine; 
nonamethylenediamine; 

1 , 1 ,6,6-tetramethylhexamethytenediamine; 

2,2,5,5-tetramethylhexamethylenediamine; 

4,4-dimethylheptannethylenedlamine; 

decamethylenediamine; 

meta-phenylenedlamlne; 

4,4'-diaminobenzophenone; 

4- aminophenyl-3*aminobenzoate; 
m-aminobenzoyl-6-aminoanillde; 
4,4-diaminodiphenylether; 

3, 4'-dlanriinodipheny lether; 
bis(4-aminophenyl)nnethane; 
1 , 1 -bls{4-amlnophenyl)ethane; 

2.2- bis(4-aminophenyl) propane; 
4,4'-dlaminodiphenyl sulfoxide; 

3. 3- diam inoben zophenone; 

1 ,3-bis(4-anninophenoxy)benzene; 
2,2'-diaminobenzophenone; 

1 .2- bis(4-aminophenoxy)ben2ene; 

1.3- bis(4-aniinobenzoyloxy)benzene; 
4,4'-diaminobenzanilide; 
4,4'-bis(4-aminophenoxy) phenyl ether; 
2,2'-bis(4-aminophenyl) hexafluorcpropane; 
2,2-bis(4-amjnophenyl)-1 ,3-dichloro-1 ,1 ,3,3-tetrafluoropropane; 
4,4'*diaminodiphenyl sulfone; 

1 . 1 2- diaminododecane; and 

1 . 1 3- diamlnotridecane. 



[0015] Suitable adhesive thermoplastic polyimides for use in the present invention are disclosed in U.S. 5,298,331 , 

issued to Kanakarajan et al on March 29, 1 994, which disclosure is incorporated herein by reference. 

[0016] Particularly preferred adhesive polyimides for use in the invention contain from 35 to 47.5 mole % of 4,4'- 

oxydiphthalic dianhydride. 2.5 to 15 mole % of pyromellitic dianhydride and 50 mole % of 1,3-bis(4-aminophenoxy) 

benzene and from 40 to 47.5 mole % of 1 ,3-bis(4-aminophenoxy)ben2ene, 2.5 to 1 0 mole % of hexamethylene diamine 

and 50 mole % of 4,4'-oxydiphthalic dianhydride. 

lOOJ7]_mermQp(astic_po.lyJmid.e.s_d,erlvedJrpmA3J^ 

anhydride (PMDA) and 4,4'-diaminodiphenyl ether can also be used as the polyimide film adhesive layer. Ranges of 

BPDA to PMDA of from 0.3 to 0.7 with a 55/45 BPDA/PMDA copolymer film being preferred. 

[0018] Preferred examples of ferroelectric ceramic fillers that can be used in the present inventbn include particulate 
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ferroelectric ceramic powders having a particle size ranging from 0.10 to 10 microns and having a high dielectric con- 
stant of from 100 to 30,000. 

[0019] Specific examples of ceramic fillers include BaTlOj, SrTiOj, Mg2Ti04, 812(1103)3, PbTiOg, NiTiOg, CaTiOg, 
Zn"n03, Zn2Ti04, BaSn03.Bi2(Sn03)3, CaSn03, PbSn03. MgSn03. SrSn03, 2nSn03, BaZr03. CaZrOa, PbZrOs. 
5 MgZr03, SrZr03andZnZr03. Dense polycrystalline ceramics such as barium titanateand lead zirconate are particularly 
preferred for use in the invention. 

[0020] The improvement of the overall dielectric constant is obtained by incorporating the ceramic filler in an amount 
of from 4 to 85% by weight, preferably from 20 to 75% by weight, based on the total weight of the film composition. 
Ceramic filler concentrations below 4% by weight do not provide the requisite dielectric constant and ceramic filler 
10 loadings above 85% by weight tend to degrade film mechanical properties. Particularly good results are obtained with 
films containing from 20 to 65% by weight of ceramic filler, particularly barium titanate, which provides a dielectric 
constant of from 10 to 27. 

[0021] The ceramic powder fillers can be used individually with good effect, when they are used in suitable combi- 
nations, however, the improvement of the dielectric constant can be effected to an even greater extent. 

15 [0022] For example, barium titanate is a product of commerce and can be obtained in various grades which are 
characterized by dielectric constants ranging from about 1 00 to 30,000. The dielectric constant of barium titanate, as 
is well-known, reaches a maximum at the curie point. Instead of using 1 00% of a single barium titanate, combinations 
of titanates of varying Curie point can be used to maintain constant dielectric performance as a function of temperature. 
[0023] Mixtures of ceramic fillers, such as barium titanate, with conductive core/shell particulate fillers can also be 

20 used to increase the dielectric constant. Such conductive core/shell fillers include, among others, Zelec® ECP 3005-XG, 
commercially available from E. I. du Pont de Nemours and Company. Zelec® ECP 3005-XC is an antimony doped tin 
oxide coated silica particle fitter containing 6.5% antimony and having a D50 particle size of 0.7 micron. Mixtures of 
from 5 to 80 weight % of barium titanate and from 5 to 15% by weight of Zelec® ECP 3005-XC provide a film with a 
dielectric constant of from 5 to 60 and have good elongation and adhesion properties, 

25 [0024] I n order to obtain good film integrity and even higher dielectric constant, the ceramic filler may also be surface 
coated with a potyimide before it is dispersed in the polyimlde matrix. The polyimide matrix may be either a thermoplastic 
polyimide as previously described or a thermoset polyimide such as that prepared by reaction of pyromellitic dianhydride 
and 4,4'-diaminodiphenyl ether. The polyimide used to surface coat the ceramic filler can be either a thermoplastic or 
thermoset polyimide. The polyimide surface on the filler provides physical and chemical bonding sites, e.g. -NH2, O 

30 (CO)2, to bond the polyimide matrix to the filler resulting in much better film mechanical properties. In addition, the 
polyimide coated filler provides a uniform polymer coating on the surface of the ceramic filler which prevents filler 
aggregation and forms a polymer-filler network thereby increasing the dielectric constant and the maximum level of 
filler loading possible. In a typical example, a barium titanate filler coated with 7% by weight of a polyimide derived 
from pyromellitic dianhydride and 4,4'-diaminodiphenyl ether was used at a maximum loading of 75% by weight as 

35 compared to an uncoated barium titanate filler which was used at a maximum 60% by weight filler loading. The dielectric 
constant correspondingly increased from 1 3 for the uncoated barium titanate to 35 for the polyimide coated barium 
titanate. 

[0025] The polyimide surface coating can contain from 1 to 99% by weight, preferably from 3 to 40 weight %, of 
coated ceramic filler, such as barium titanate, and provides a film with a dielectric constant of from 3 to 300. The 
40 thickness of the polyimide surface coating ranges from 1 0 nanometers to 20 micrometers, preferably from 300 nanom- 
eters to 3 micrometers. 

[0026] Polyimide surface coatings include, among others, potyimldes formed from pyromellitic dianhydride (PMDA) 
and 4,4'-diaminodiphenyl ether; 4,4'-oxydiphthalic dianhydride (ODPA), pyromellitic dianhydride (PMDA) and 1,3-bis 
(4-aminophenoxy)ben2ene; and 3,3',4,4'-btphenyltetracarboxylic dianhydride (BPDA), pyromellitic dianhydride (PM- 
45 DA) and 4,4'-diaminodiphenyl ether. 

[0027] The polyimide coated ceramic filler can be used alone or in combination with an uncoated ceramic filler. 
Mixtures of from 40% to 60% by weight of uncoated barium titanate and from 60% to 40% by weight of a 7 weight % 
polyimide coated barium titanate provide minimal filler aggregation and increase the dielectric constant of the polyimide 
film from 20 to 35. 

50 [0028] A high dielectric constant polyimide film or composite can be prepared by melt extrusion and/or compression 
of the ceramic filler which has been surface coated with polyamic acid into sheets or three-dimensional composites 
without the necessity of using a polyimide matrix. 

[0029] The polyamic acid coated on the ceramic filler surface can be either an adhesive thermoplastic or thermoset 
polyamic acid, such as ODPA/PMDA/ 1,3-bis(4-aminophenoxy)benzene; ODPA/hexamethylene diamine/1, 3-bis- 

55 (4zamiao!p.beooxy|b£anz.eae;3ECiA/PM 

ramie fillers can be any of those previously described, particularly barium titanate. As a typical example, a thermally 
compressed polyimide prepared from barium titante filler surface coated with from 8 to 40% by weight of polyamic acid 
was found to have a dielectric constant of from 1 5 to 1 70. 
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[0030] Incorporation of the high dielectric constant ceramic filler into the polyimide film can be made by pulverizing 
the ceramic filler into particles ranging in size from 0.10 to 10 microns, mixing the particles with the solution of polyamic 
acid precursor polymer and casting the resufting mixture into the shape of a film by conventional solvent die casting 
techniques. 

s [0031] The high dielectric constant polyimide film of the invention may be formed as a single layer or as a multilayer 
construction. No noticeable improvement in the dielectric constant can be obtained unless the produced film contains 
at least 4% by weight, preferably at least 20% by weight, of the ceramic filler based on the total weight of the single 
layer or multilayer polyimide film. 

[0032] As a means for forming a multilayer construction, there may be used the extrusion-lamination method, thermal 
10 compression method, solution coating method and coextrusion method. These are typical, but not exclusive, examples 
of the methods available for forming of the multilayer film. 

[0033] In order to increase the dielectric constant of the multilayer polyimide film, which consists of a center thermo- 
plastic or thernnoset polyimide layer and thin outer layers of thermoplastic, adhesive polyimide, the high dielectric 
constant ceramic filler must be incorporated into at least one of the layers of the multilayer structure. From 40 to 75 

IS weight % of the ceramic filler can be incorporated into the center polyimide layer to provide a dielectric constant of 
from 6 to 24 for the multilayer structure. The ceramic filler can also be incorporated into the outer thin adhesive polyimide 
layers in order to further increase the dielectric constant. However, the concentration of ceramic filler incorporated into 
the thin adhesive polyimide layers and the center polyimide layer must be adjusted in order to both maximize physical 
properties and the adhesive peel strength of the final multilayer polyimide film. Typically from 20 to 50 weight % of 

20 ceramic filler can be incorporated into each of the outer adhesive polyimide layers. 

[0034] The total thickness of the multilayer film structure ranges from 5 to 125 micrometers. The thickness of the 
center polyimide layer ranges from 5 to 1 20 micrometers and the thickness of the outer adhesive polyimide layers 
range from 5 to 60 micrometers. 

[0035] The center polyimide layer of the multilayer structure can be a thermoplastic polyimide of the type previously 
25 described or a thermoset polyimide such as Kapton® H, derived from pyromellitic dianhydride and 4,4'-diaminodiphenyl 
ether, which is commercially available from E. t. du Pont de Nemours and Company. 

[0036] Polyimide copolymer films such as those derived from 3,3',4,4'-biphenyltetracarboxylic dianhydride (BPDA), 
pyromellitic dianhydride (PMDA) and 4,4*-diaminodiphenyl ether containing a 55/45 molar ratio of BPDA/PMDA; and 
copolyimide films derived from 30 to 50 mole % of BPDA, 50 to 70 mole % of PMDA, 60 to 80 mole % of p-phenylene 

30 diamine and 20 to 40 mole % of 4,4'-diaminodiphenyl ether can also be used as the center polyimide layer. 

[0037] An advantage of forming the film into a multilayer construction as contrasted to a single layer construction is 
that the ceramic filler particles tend to form irregularities on the surface of the single layer film so that when the film 
and coppper foils are superposed to form a capacitor, air is entrapped in the interfaces to the extent that it lowers the 
overall dielectric constant. This undesired phenomenon can be precluded by forming the film into a multilayer con- 

55 struction consisting of a center polyimide layer and thin outer layers of thermoplastic adhesive polyimide. In such a 
multilayer construction, the possibly adverse effect manifested on the opposite surfaces of the film due to an excessively 
high content of ceramic filler particles can be substantially eliminated by the superposed outer adhesive polyimide 
layers containing ceramic filler particles. The resulting smoother surfaces enhance the effective capacitance area. 
[0038] The high dielectric constant, flexible polyimide film of the present invention may be used in a number of 

40 applications in the electronic circuitry design and manufacturing fields. For example, the polyimide film may be used 
in the manufacture of buried film capacitors in semiconductor packaging and printed wiring board packaging. 
[0039] When used in semiconductor packaging applications, the requirement of total capacitance of the polyimide 
film substrate is much higher (>100 times) than that required for printed circuit board applications. Capacitance density 
is directly proportional to he dielectric constant and inversely proportional to the thickness of the substrate. An en- 

45 hancement of capacitance can be achieved by either increasing the dielectric constant or reducing the thickness of 
the ceramic filled dielectric layer 

[0040] It has been found that a ceramic filled thermoplastic polyamic acid liquid can be thinly applied directly to the 
conductor planes by conventional means such as by spinning, spraying, curtain coating etc. The thin layer of high 
dielectric constant polyamic acid liquid can subsequently be dried and cured by thermal and/or chemical and/or photo 

so treatment to form a thin polyimide film layer. Due to the ability to form thin polyimide layers ranging in thickness from 
3 to 25 micrometers, the use of a polyamic acid liquid enhances capacitance by as much as 10 times compared to 
using a free-standing polyimide film at the same level of filler loading. In addition, a much higher weight % ceramic 
filler loading (up to 90 weight %) can be obtained using a polyamic acid liquid as compared to a free-standing polyimide 
film since there is less constraint on the need for physical integrity of the film. As a typk:al example, a high dielectric 

55__comtant.ofJ7Acan.b5„o.btaiae.d_u.sjog^43^^^^ 

[0041] The present invention will now be described more specifically with reference to the following working examples 
and comparative examples. However, the present invention is not in any way limited by the following examples. 
[0042] The following standard ASTM test methods were used to measure the film properties described in the exam- 
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pies: 

Dielectric constant (MHz) - ASTM NO.D-150 
Elongation (%) - ASTM NO. D-882 
5 Peel Strength (psi) - ASTM NO. D-5109 

Tensile Strength (Kpsi) - ASTM NO. D-882 
Modulus (Kpsi) - ASTM NO. D-882 
Capacitance (pfarads/in^) - ASTM NO. D-150 
Dielectric Strength (V/mil) - ASTM NO. D-149 

10 

Examples 1 to 9 (Comparative Exanriple 1 C) 

[0043] Examples 1 to 9 illustrate the increase in dielectric constant of a single layer adhesive thermoplastic polyimide 
film of the invention obtained as a function of increasing the amounts of barium titanate filler from 1 5 to 73% by weight, 
75 based on the total weight of the film. Optimum amounts of barium titanate filler ranging from 30 to 63% by weight 
provided a high dielectric constant of from 10 to 27 while still maintaining good film elongation and peel strength when 
compared to Example IC without barium titanate filler (see Table I). 



Table I 



20 


Example No. 


Single Layer 
Film* 


BaTiOa (wt. %) 


Dielectric 
Constant 
(1 MHz, RT) 


Elongation (%) 


Peel Strength 
(psi) 




1C 


KJ 


0 


3.8 


48.9 


13 


25 


1 


KJ 


15 


4.7 


32.2 


12.8 




2 


KJ 


30 


9.8 


19.2 


12.6 




3 


KJ 


40 


11.7 


12.6 


12.3 




4 


KJ 


50 


15.2 


8.4 


10.6 




5 


KJ 


56 


17.3 


4.7 


9.8 


30 


6 


KJ 


63 


26.6 


3.0 


8.7 




7 


KJ 


73 


32.0 


2.5 


7.2 




8 


U 


50 


9.6 


5.7 


6.8 




9 


LJ 


60 


12.3 


4.5 


6.5 



* KJ: Kapton® KJ is a thermoplastic copolyimide film derived from 70 to 95 mole % 4,4''Oxydiphthalic dianhydride, 5 to 30 mole % pyromellttic 
dianhydride and 100 mole % 1 ,3-bis(4-amir>ophenoxy)benzeno and is commercially available from E. I. du Pont de Nemours and Co. 
*LJ: Kapton® LJ is a themioplastic copolyimide film derived from 80 to 95 mole % 1 ,3 bis(4-aminophenoxy)benzene, 5 to 20 mole % hexamethytene 
diamine and 100 mole % 4,4'-oxydq>hthalic dianhydride. 



Example 10 

40 

[0044] Example 10 illustrates a high dielectric constant polyimide film composed of a single layer of a thermoplastic 
copolyimide film derived from 70 to 95 mole % of 4.4'-oxydiphthalic dianhydride, 5 to 30 mole % of pyromellitic dian- 
hydride and 100 mole % of 1 ,3-bis(4-aminophenoxy)benzene containing 50 weight % of PbSnOs ceramic filler having 
a dielectric constant of 11 .3 (1 MHz.RT) and an elongation of 12.1%. 

45 

Example 11 

[0045] Example 11 illustrates a high dielectric constant single layer polyimide film of the invention consisting of Ka- 
pton® KJ thermoplastic polyimide containing 72 weight % of a mixture of ceramic fillers composed of 50 weight % of 
so uncoated barium titanate particles and 50 weight % of 7 weight % polyimide coated barium titanate particles. 
[0046] The mechanical and electrical properties of the polyimide film are given in Table II. 



55 
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Table I) 



Mechanical Properties 




Thickness (mil) 


Elongation (%) 


Tensile Strength 
(Kpsi) 


Modulus (Kpsi) 


Machine Direction 


2.13 


12.3 


18.5 


620 


Transverse Directbn 


2.11 


11.7 


18.8 


680 


Electrical Properties 




Dielectric Constant 


Dissipation Factor 


Capacitance 
(ptarads/in2) 


Dielectric Strength (V/ 

mil) 


Mearuredat IKHz.RT 


33.4 


0.004 


3360 


2500 


Measured at 1 MHz, RT 


33.1 


0.018 


2990 


2500 



Example 12 



[0047] Example 12 illustrates a high dielectric constant multilayer polyimide film of the invention having a thickness 
20 of 2 mils prepared by coextruding a center 1 .5 mils thick Kapton® HA polyimide layer containing 50 weight % of barium 
titanate and outer 0.25 mil thick layers of Kapton® KJ polyimide adhesive each containing 45 weight % of barium 
titanate. 

[0048] The mechanical and electrical properties of the coextruded, multilayer polyimide film are given In Table III. 



Table III 



Mechanfcal Properties 




Thickness (mil) 


Elongation (%) 


Tensile Strength 


Modulus (Kpsi) 








(Kpsi) 




Machine Direction 


1.96 


8.7 


16.6 


658 


Transverse Directk)n 


1.99 


5.8 


17.1 


703 


Electrical Properties 




Dielectric Constant 


Dissipation Factor 


Capacitance 


Dielectric Strength 








(pfarads/in2) 


(V/mil) 


Measured at IKHz.RT 


8.4 


0.004 


850 


2600 


Measured at 1 MHz, RT 


8.0 


0.015 


700 


2600 



bxamples 13 to 21 



[0049] Examples 1 3 to 21 illustrate high dielectric constant multilayer polyimide films of the invention containing a 
single filler or a mixture of fillers. Examples 13 to 15, 19 and 20 are 2 mil thick high dielectric constant multilayer 

polyimide films having a center thermoset polyimide layer having a thickness of 1 .7 mil and outer thermoplastic adhesive 
polyimide layers each having a thickness of 0.15 mil and containing varying amounts of barium titanate in the center 
layer or in both the center and outer layers. 

[0050] Examples 16 to 18 are similar 2 mil thick multilayer polyimide films which contain a mixture of 50 weight % 

of barium titanate and 15 weight % of Zelec® ECP 3005XC silica coated particles in the center thermoset polyimide 

layer and from 0 to 50 weight % of barium titanate in the outer adhesive thermoplastic polyimide layers. 

[0051] Example 21 is a 1.3 mil thick multilayer polyimide film consisting of a 0.80 mil layer of thermoset polyimide 

and a 0.50 mil layer of thermoplastic adhesive polyimide bonded to one side and containing barium titanate in both 

layers. 

[0052] Table IV summarizes the dielectric constants and elongations of the multilayer filnr^s. 
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Table IV 



5 



75 



Example No 


Multilayer Film* 
Thickness (mil) 


Ba T1O3 {Wt.%) 


Dielectric Constant 

(1 MnZ.n 1 ) 


Elongation (%) 


13 


0.15KJ/1.7HA/0.15KJ 


0/50/0 


7.6 


11.2 


IH 


u. lotsJ/ 1 ./nA/u. ioi\J 


oU/OU/oU 


Q Q 


D.O 


15 


0.15KJ/1.7HA/0.15KJ 


30/63/30 


14.3 


4.7 


16 


0.15KJ/1.7HA/ai5KJ 


0/50+152*70 


8.5 


11.7 


17 


0.15KJ/1.7HA/0.15KJ 


30/50+1 5Z**/30 


12.4 


9.8 


18 


0.15KJ/17HA/0.15KJ 


50/50+1 5Z**/50 


13.8 


7.6 


19 


0.15KJ/1.7HA/0.15KJ 


40/50/40 


11.1 


5.8 


20 


0.15KJ/1.7HA/0.15KJ 


50/50/50 


12.7 


5.3 


21 


0.80HA/0.50KJ 


50/30 


9.3 


9.5 



^HA: Kapton® HA b a polybnide film derived from pyromellitic dtanhydride and 4.4'-diaminodiiphenyl ether and is commercially available from E. I. 
du Pont de Nemours and Co. 

**Z: Zelec® ECP 3005xC Is an antimony doped tin oxide coated silica shell filler having a molecular sieve structure and is commercially available 
from E. I. du Pont de Nemours and Co. 



20 Examples 22 to 27 

[0053] Examples 22 to 27 illustrate the preparation of liquid thermoplastic polyamic acids containing 15 weight % of 
a polyamic acid derived from 4,4'-oxydlphthalic dianhydride, pyromellitic dianhydride and 1,3-bis(4-aminophenoxy) 
benzene dissolved in dimethylacetamide solvent, coating of ceramic barium titanate filler particles with the liquid 
25 polyamic acids and thermal compression molding of the coated barium titanate particles to form high dielectric constant 
polyimide composites laminated to copper foil. 

[0054] The polyamic acids were prepared by dissolving 1 ,3-bls(4-aminophenoxy)benzene (20.0g) in 25 ml of pyridine 
with stirring over a 20 minute period. A solids mixture of 18g of pyromellitic dianhydride and 4g of 4.4'-oxydiphthalic 
dianhydride was added to the solution in 1 g portions over a total period of 2 hours. The final O.SOg portion of the solids 
30 mixture was added slowly at a rate of 0.2g every 15 to 20 minutes. The final viscosity of the 15% by weight polyamic 
acid solutions ranged from 100 to 2000 poises. 

[0055] Varying amounts of barium titanate particles were separately blended with 156 ml portions of a mixture of 
pyridine and dimethylacetamide for 3 minutes. Thirty ml of the pyridine-dimethylacetamide slurry was then added to 
100g of the 15 weight % polyamic acid liquid with stirring over a 1 hour period. A mixture of acetone and methanol 
3^ (lOOg) was added and the mixture was stirred for 10 minutes. The mixture was filtered, the solid product was washed 
with acetone-methanol and dried (but not completely tmidized) at 60''C under a vacuum. The resultant surface coated 
polyamic acid barium titanate fillers were ground to a particle size of less than 10 microns. 

[0056] Layers of copper foil were placed adjacent to a Kapton® H polyimide film spacer having a thickness of from 
7 to 1 25 micrometers. The polyamic acid surface coated barium titanate filler particles were placed in the center of the 
40 film spacer. 

[0057] The composites were placed between metal plates and laminated from 280® to 420"C, for from 5 minutes to 
4 hours, preferably at 350°C for 30 minutes, to completely cure the polyamic acids and form the polyimides. The 
dielectric constants and peel strengths of the composites are given in Table V. 

45 Table V 



Example No 


BaTiOa (wt. %) 


Dielectric Constant (1MHz,RT) 


Peel Strength (psi) 


22 


60 


15 


12 


23 


70 


25 


9 


24 


80 


* 44 


6 


25 


85 


51 


5 


26 


87 


78 


3 


27 


92 


164 


2 



-Examptes-28-to-34 

[0058] Examples 28 to 34 illustrate the preparation of high dielectric constant single layer thermoplastic or thermoset 
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polyimide films of the invention prepared by coating thin layers of polyamic acid liquids prepared as described in Ex- 
amples 22 to 27 and containing up to 91 weight % of barium titanate particles and curing to form the final polyimide 
films. Results are given in Table VI. 

5 Table VI 



Example No. 


Single Layer Film* 


BaTiOg (Weight %) 


Thickness 
(Micrometers) 


Dielectric Constant 
(MHz.RT) 


28 


HA 


80 


3.7 


63 


29 


HA 


91 


3.1 


137 


30 


KJ 


78 


9.1 


65 


31 


KJ 


85 


7.3 


89 


32 


LJ 


75 


6.8 


53 


33 


LJ 


80 


8.0 


60 


34 


JP 


87 


3.2 


96 



*JP= Kapton® JP is a polyimide copolymer Rim derived from 55 mole % 3,3'4,4'*biphenyltetracarboxylic dianhydride, 45 mole % of pyromellltic 
dianhydride and 100 mole % 4,4'-diaminodjphenyt ether 



[0059] Very thin polyimide films were obtained containing high levels of barium titanate and which had high dielectric 
constants ranging from 53 to 1 37. 



Claims 



25 



A high dielectric constant, flexible polyimide film composed of a single layer of an adhesive thermoplastic polyimide 
having dispersed therein from 4 to 85 weight %, based on the weight of the film, of a ferroelectric ceramic filler, 
wherein the polyimide film has a dielectric constant of from 4 to 60. 

2. A polyimide film as claimed in claim 1 wherein the ceramic filler is present in an amount of from 20 to 65% by 
weight and the film has a dielectric constant of from 1 0 to 27. 

3. A high dielectric constant, flexible multilayer polyimide film comprising a center thermoplastic or thermoset poly- 
imide film layer having layers of an adhesive thermoplastic polyimide film on one or both sides, wherein is dispersed 
in at least one of the polyimide layers from 4 to 85 weight %, based on the weight of the film layer, of a ferroelectric 

^ ceramic filler, wherein the multilayer polyimide film has a dielectric constant of from 4 to 60. 

4. A polyimide film as claimed in claim 3 wherein the center polyimide film layer contains from 40 to 75 weight% of 
ceramic filler and the adhesive thermoplastic polyimide film layers contain from 20 to 50 weight% of ceramic filler. 

5. A polyimide film as claimed in claim 3 or claim 4 wherein the thickness of the center polyimide film layer ranges 
from 5 to 120 micrometers and the thickness of the adhesive thermoplastic polyimide film layers ranges from 5 to 
60 micrometers. 

6. A polyimide film as claimed in any one of the preceding claims wherein the ceramic filler has a particle size ranging 
from 0. 1 0 to 1 0 microns and a dielectric constant of from 1 00 to 30000. 

7. A polyimide film as claimed in any one of the preceding claims wherein the ceramic filler is selected from BaTiOs, 
SrTiOa, Mg2Ti04, Bi2(Ti03)3, pbTiOg, NiTiOa, CaTiOa, ZnTiOg, Zn2Ti04, BaSnOg, Bi2(Sn03)3, CaSnOs, PbSnOj, 
MgSnOs, SrSnOs. ZnSnOs, BaZrOs, CaZrOg, PbZrOs, MgZrOs. SrZr03 and ZnZrOs. 



so 



55 



8. A polyimide film as claimed in any one of the preceding claims wherein the ceramic filler comprises barium titanate. 

9. A polyimide film as claimed in any one of the preceding claims wherein the ceramic filler comprises a mixture of 
ceramic filling materials. 



10. A polyimide film as claimed in any one of the preceding claims wherein the ceramic filler is surface coated with a 
thermoplastic or thermoset polyimide. 
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11. A polyimide film as claimed in claim 9 wherein the ceramic filler comprises a mixture of a polyimide surface cx)ated 
ceramic filler and an uncoated ceramic filler. 

12. A polyimide film as claimed in claim 10 or claim 11 wherein the surface coaled ceramic filler comprises barium 
5 titanate surface coated with a Ihermoset polyimide derived from pyromellitic dianhydride and 4,4'-diaminodiphenyl 

ether. 

13. A polyimide film as claimed in claim 10 or claim 11 wherein the surface coaled ceramic filler comprises barium 
titanate surface coated with a thermoplastic polyimide derived from 4.4'-oxydiphthalic dianhydride, pyromellitic 

10 dianhydride and 1 .3-bis(4-aminophenoxy)-ben2ene. 

14. A polyimide film as claimed in claim 10 or claim 11 wherein the surface coated ceramic filler comprises barium 
titanate surface coated with a thermoset polyimide derived from 3.3',4.4'-biphenyltetracart)Oxylic dianhydride, py- 
romellitic dianhydride and 4,4''diaminodiphenyl ether. 

75 

15. A polyimide film as claimed in any one of the preceding claims which comprises a conductive core/shell particulate 
filler In addition to the ceramic filler. 

16. A polyimide film as claimed in any one of the preceding claims wherein the adhesive thermoplastic polyimide film 
20 comprises a copolymer containing from 60 to 98 mole % of repeating imide units derived from 4,4'-oxydiphthalic 

dianhydride and an aromatic ether diamine of the formula 



25 




30 

and from 2 to 40 mole % of additional repeating imide units of the formula 



35 



40 



45 




wherein R is an aromatic tetravalent radical and R' is a divalent radical of an aromatic or an aliphatic diamine 
containing at least two carbon atoms and the two amino groups of the diamine are each attached to separate 
carbons atoms of the divalent radical. 



so 
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17. A polyimide film as claimed in claim 1 6 wherein the adhesive themnoplastic polyimide film is a copolymer comprising 
from 35 to 47.5 mole % of 4,4'-oxydiphthallc dianhydride. from 2.5 to 15 mole % of pyromellitic dianhydride and 
50 mole % of 1,3-bis(4-aminophenoxy)-benzene. 

18. A polyimide film as claimed in claim 1 6 wherein the adhesive thermoplastic polyimide film is a copolymer comprising 

frojT)j^0Jo_47_.5_mole_%_ofJ..3J?ls(4-an±iopben.^^ 



and 50 mole % of 4.4'-oxydiphthalic dianhydride. 
19. A high dielectric constant polyimide liquid comprising from 1 to 30 weight % of a thermoplastic or thermoset polyam- 
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ic acid dissolved in from 1 0 to 95 weight % of an inert organic solvent having dispersed therein from 4 to 90 weight 
% of ferroelectric ceramic filler and having a dielectric constant of from 4 to 300. 

20. A high dielectric constant polyimide liquid as claimed in claim 1 9 wherein the ceramic filter is as defined in any one 
of claims 6 to 14. 

21. A high dielectric constant, flexible polyimide film composed of a single layer of a thermoset polyimide having dis> 
persed therein from 4 to 85 weight %, based on the weight of the film, of a ceramic filler as defined in any one of 
claims 10 to 14, wherein the polyimide film has a dielectric constant of from 4 to 60. 

22. A process for preparing a high dielectric constant polyimide composite comprising compression molding or melt 
extruding a polyimide surface coated ceramic filler at a temperature of from 280^C to 420*^0 fro from 5 minutes to 
4 hours, wherein the composite has a dielectric constant of from 1 5 to 1 70. 

15 23. A process as claimed in claim 22 wherein the polyimide surface coated ceramic filler comprises barium titanate 
surface coated with a thermoplastic polyimide derived from 4,4'-oxydiphthalic dianhydride, pyromellitic dianhydride 
and 1,3-bis(4-amlnophenoxy)-benzene, 

24. A high dielectric constant polyimide composite prepared according to the process of claim 22 and laminated to 
20 one or more layers of copper foil. 

25. A printed circuit board which includes an embedded high capacitance power distribution core comprising: 

(a) an electrically conductive ground plane layer; 
25 (b) an electrically conductive power plane layer; 

and (c) a flexible high dielectric core element disposed in parallel relationship between said ground plane layer 
and said power plane layer comprising a polyimide film as claimed in any one of claims 1 to 18. 

30 



35 



40 



45 
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